This paper examines the causal effects of smoking behavior on body weight in Italy. In 2005, the Italian government introduced a smoking ban in all indoor public places. We use a regression discontinuity design, which exploits this exogenous variation across cohorts to achieve identification in our model. Our estimates indicate that the smoking ban reduced cigarette consumption and the smoking participation rate. Most interestingly, we estimate a significative, although not very large, effect of nicotine reduction on weight increases. Heterogeneous effects are also estimated, with smaller impact on men and employees and, conditionally on BMI distribution, overweight and obese people.
Introduction
Cigarette consumption remains a concern for the worldwide public health agenda, although the percentage of smokers has been continuously falling in the few last decades in both the US and Europe. Until now, much of the research has been addressed to the determinants of smoking and how quitting smoking can be facilitated. Among the most important socio-economic determinants, a relatively large body of studies considers education level. This variable has been found to affect smoking behavior significantly: better educated individuals decrease their cigarette consumption because they are more aware of the health risks connected with consumption of unhealthy goods (Garcia & Labeaga 1996 , Jones & Yen 2000 , Yen 2005 ).
In addition, the influence of friends' and neighbors' choices on smoking habits appear to be important (Cutler & Glaeser 2009 ), although intra-household consumption externalities have been estimated to affect individuals' smoking behaviors consistently (Aristei & Pieroni 2010) . Another strand of the literature focuses on the negative consequences to health of exposure to smoke by non-smokers (passive smoking), with known effects on the probability of increasing cancer and cardiovascular diseases. These detrimental effects favored the purpose of Clean Indoor Air Laws, and their implementation has demonstrated to reduce both number of smokers and cigarette consumption significantly (Eriksen & Chaloupka 2007) .
There are at least two reasons for thinking that the reduction in cigarette consumption is important for economic and health-related outcomes. First, it is generally believed that smoking bans have a negative economic impact on pubs, due to a drop in the number of customers. This result may be reinforced by the fact that going to pubs is due to interpersonal complementarities in smoking consumption (e.g., peer effects) (Cutler & Glaeser 2009 ). Second, although it has been found that body weight trends are inversely correlated with cigarette consumption, causal estimates indicates that these correlations may be misleading as regards the significance and level of their effects, especially when focused on people at health risk, like those who are overweight and obese (Baum 2009 ).
In this paper, we focus on the direct effects of the Clean Indoor Air Law, implemented in Italy as from 10 January 2005 on smoking and on its indirect effects on body weight. Assuming that the application of this policy significantly affected smoking, we test whether it also had health-related consequences in terms of body weight. As we discuss in depth in Section 2, there are several reasons for expecting that less smoking significantly affects body weight. The main reasons are the direct effects on individuals' metabolic rates and life-style changes concerning food consumption.
Section 3 presents the empirical implications of the 2005 Italian smoking ban on body weight, under the hypothesis, generally not rejected, that implementation of the law increased the individual cost of smoking, with the probable negative effect on cigarette consumption and the positive one of quitting smoking. Our strategy exploits the discontinuity introduced by the law on smoking variables, to measure the reaction in terms of BMI, intended as a health risk outcome, unobserved confounders being netted out; these estimates are then used to calculate the variation in terms of body weight. In addition, we overcome the common problem in public health literature, which examines the effect of smoking on weight outcomes by means of reduced-form models, and we estimate a structural model based on more appealing theoretical foundations (Heckman et al. 2008) . For model identification, we take advantage of the fact that individuals of the same age, but born in adjacent cohorts, experiment different types of smoking restrictions. We argue that, although all other determinants of smoking vary rapidly in time, they should not have changed discontinuously in 2005. This allows us to attribute any drop in smoking habits around that year to the introduction of the ban. The descriptive sub-section motivates our paper empirically. We know that the long-run trend of Italian smokers declined from 60% in the early 1960s to 30% in 2004, but remained surprisingly stable (around 23%) for women. Similar trends were observed for cigarette consumption (Colombo et al. 2002) . Conversely, body weight in Italy, expressed in terms of BMI, has increased consistently, although only in the last decade (Pieroni et al. 2011) . Using the ''Everyday Life Aspects" (ELA), a representative sample of microdata for Italy from 2001 to 2007, we can focus appropriately on this evidence and examine the magnitude of changes in smoking habits and BMI. More interestingly, in terms of causal effects of smoking on body weight, we show that the introduction of the Clean Indoor Air Law implied a significant discontinuity on these variables.
In section 4, we specifically examine empirical predictions. Since we base our study on the significant effect of the smoking ban on quitting or reducing smoking, we first examine whether the estimated coefficients of reduced forms explain the variability around the discontinuity introduced by the law. We also estimate whether the ban shows significant correlations with BMI. Then, using a structural model, we test whether individuals' weight gain can be associated with nicotine consumption reduction. To account for the length of the observed period, which is responsible for the large variability of outcomes generally found for this relationship, we estimate the causal effect by a regression discontinuity (RD) design, using observations collected in the years immediately before and after the smoking ban came into force (2003 and 2005) and over a more extended time period, considering the whole sample (2001) (2002) (2003) (2004) (2005) (2006) (2007) within an IV setting.
Our empirical results indicate that quitters account for almost the entire variability in weight changes, irrespective of whether we use RD or IV whole sample. In addition, our RD estimates measure the BMI response to an exogenous variation in the opportunity cost of smoking at a given point in time (e.g. 2005) .
Standardized for one year, they reveal an impact which is greater than that obtained from IV estimates in whole sample that, instead, account for a medium-period effect of three years. Comparing our results for employed individuals, male and female groups and obese individuals, we also examine the prediction that heterogeneous groups can generate different impacts on weight changes. We estimate that, post-ban smoking changes for employed individuals would yield a lower response on BMI, but a large impact was estimated for the female group, irrespective of the sample used. Lastly, we estimate our model at the 77 th and 81 th percentiles of the BMI distribution, corresponding respectively to the average values of i) overweight; and ii) overweight and obese groups. The results indicated an adverse impact on weight, although BMI elasticity to cigarette consumption were found to be lower in these health risk groups than those estimated for the entire sample.
In Section 5, we carried out robustness checks for previous IV estimates (2001) (2002) (2003) (2004) (2005) (2006) (2007) using the inverse distance weight estimator (IDW), to test whether the estimates are affected by unobserved heterogeneity.
We reject this hypothesis, and show that estimated parameters are close to baseline IV estimates. Also supported by other robustness analyses, the effects of nicotine consumption variations and quitting smoking on body weight are presented according to parameters estimated on the RD sample. We estimate that lower cigarette consumption gives rise to a weight increase of 3.2 kg with respect to smokers. However, much of this effect (2.8 kg) is that due to quitting. Employees' weight is less affected by changes in smoking (2.3 kg) but, in women, among those who stop or reduce smoking, the increase is estimated to be close to 5.5 kg. The adverse and unintended consequences on overweight and obese people are not great and do not exceed 1 kg. Section 6 concludes.
Related literature 2.1 Clean indoor air laws: direct effects on smoking and business
Although isolated examples of policies restricting smoking have been recorded earlier, the 1973 law in Arizona was the first state intervention achieving smoke-free aims in a number of public places. This law certified that ''nonsmokers had as much a right to clean air and wholesome air as smokers had to their so-called right to smoke". The motivations for state intervention, thereafter flexibly applied during the 1970s to other US states, were followed by the Surgeon General's Report 1 , which emphasized the adverse health effects of passive smoking on public health.
With the exception of Finland 2 , European Clean Indoor Air Laws are relatively more recent. This explains why most studies of the economic impact of smoking bans are based on US data, as more detailed European smoke-free interventions adopting comprehensive smoking bans in virtually all public places and private worksites followed from the US experience.
This legislation not only protected non-smokers from the dangers of passive smoking, but also encouraged smokers to quit or reduce their consumption 3 . However, until now, there has been limited evidence about the consequences of non-smokers' exposure to cigarette smoke. Several studies have shown that these laws help prevent young people from starting smoking, reduce the number of cigarettes smoked, and encourage some smokers to quit. One classic health economics paper analyzing the effects of cigarette consumption and the prevalence rate of smoking bans is that of Chaloupka & Saffer (1992) . The authors, according with Evans et al. (1999) , emphasize that, while prohibiting smoking at the work place is effective in reducing prevalence and consumption, these effects are much smaller than those obtained when restrictions are introduced only in public places, because in the first case the amount of time spent 1 US Department of Health and Human Services (1972) . 2 The Finnish Tobacco Control Act (TCA) was first implemented in 1976 and progressively extended in more recent years.
3 Adda & Cornaglia (2010) show that bans affect non-smokers differently, increasing the exposure of poorer individuals with respect to richer individuals. without being able to smoke is greater.
However, more detailed contributions about the effects of smoking regulation appear in the epidemiological literature. In a survey conducted in Ireland after the 2004 introduction of smoke-free legislation, Anonymous (2005) and Fong et al. (2006) found that, among Irish smokers who quitted after the ban, 80% reported that the law had helped them to quit and 88% that it had helped them to remain nonsmokers. Gallus et al. (2006) , evaluating the 2005 Italian law for smoke-free public places, estimated that betweeen 2004 and 2006 smoking prevalence decreased by 1.9% and that the daily number of cigarettes decreased by 9.5% 4 . These results are in line with those found in other countries, such as the USA, Australia, Canada and Germany (Fichtenberg & Glantz 2004) . Note that this literature also emphasized differences by gender. For example, Chaloupka (1992) finds that clean indoor air laws are more effective for male smokers.
Another strand of the literature indicates that smoke-free policies and regulations have been used to evaluate the negative economic impact on the catering and hotel industries, a position largely supported by the tobacco industry (Scollo et al. 2003) . Following the reviews of Scollo et al. (2003) and Eriksen & Chaloupka (2007) , the position of the tobacco industry was clearly contradicted by almost all the scientific evidence, indicating that there was no negative economic impact of clean indoor air policies on revenues for bars, pubs and restaurants. This evidences is in line with that presented in the 2006 Surgeon General's Report by the US Department of Health and Human Services (2006). Eriksen & Chaloupka (2007) also review studies, finding a positive effect of smoke-free restaurant and café laws on economic activity, employment and revenues 5 . In the European context, the issue is still under debate and conflicting evidence on the subject is recorded. Italian data showed higher numbers of people frequenting restaurants and cafés after the implementation of the smoking ban, a prediction in line with the US context (Gallus et al. 2006) . While, a drop in the number of customers, at least in the short-run, was observed after the introduction of the clean indoor air law in Scotland (Adda et al. 2012 ).
Smoking reductions, BMI and obesity

The medical perspective
Why should quitting (or reducing) smoking increase body weight? The medical literature gives two main reasons: (1) a direct change in metabolic rates; (2) a life-style change in food consumption. In this section, we briefly discuss these reasons. We anticipate that these effects have been measured and discussed so far mainly for quitters, in which the addictive effects of nicotine consumption have been found to affect weight generally with extended consequences to other related health outcomes.
Quitting smoking may increase body weight because changes in nicotine assumption produce effects on human metabolism. Thus, the observed weight increase generally recorded after quitting, as already discussed in Keys et al. (1966) , Karvonen et al. (1959) and Higgins (1967) , does not turn out to be very large when empirical analysis also accounts for dietary habits. In particular, Grunberg (1985) , Klesges et al. (1989) , French & Jeffery (1995) explained that the weight gap between smokers and nonsmokers was entirely due to differences in metabolic rates and to the more efficient ability of smokers to burn calories during the day. This result was also confirmed by the regularity with which the heart may beat 10-20 more times per minute after a cigarette has been smoked, whereas, after quitting, the metabolic rate slows down and returns to its average level (for pioneering studies, see Dill et al. (1934) , Jacobs et al. (1965) and Glauser et al. (1970) ). Thus, reductions in cigarette consumption may lead to gains in terms of smoke-related illnesses, with additional indirect positive effects on body weight 6 .
Secondly, quitting smoking is often associated with changes in eating habits and preferences. A common symptom after quitting is an increase in food intake, which affects weight for longer than other symptoms. Increased appetite has traditionally been attributed to the fact that eating is a substitute for smoking; eating or snacking is similar to the action of smoking and can be used as a means of oral gratification Jacobs & Gottenberg (1981) . In addition, preferences may also change. The sense of taste and smell return to be close to those of non-smokers, implying a larger propensity to move toward unhealthy food, which usually has higher calorie contents (Drewnowski & Darmon 2005) . Conversely, psychiatric studies have shown that quitters tend to be less depressed and exhibit fewer negative effects when they successfully quit than subjects who continue smoking (Cinciripini et al. 2003) . Emotional states have therefore been associated with both weight loss and weight gain (Wurtman 1993 , Barefoot et al. 1998 , and this may partly explain the variability of results and possible unexpected findings.
Smoking habits and BMI: estimates
One strand of economics literature has tested the hypothesis that stopping (or reducing) smoking causes weight gain, generally measured in terms of BMI. As a special focus, these works evaluated this relationship in the obese sub-group. For example, Chou et al. (2004) produced two new important perspectives using: (i) a large dataset for the US, the Behavioral Risk Factor Surveillance System (BRFSS), which includes health and socio-economic variables; (ii) and state-wide policies as a proxy instrument for smoking habits. Their estimates showed a positive relationship between cigarette prices and body weight, indicating that a decrease in smoking is responsible for increased obesity rates. Conversely, Gruber & Frakes (2006) found an adverse relationship between cigarette taxes and BMI, with a non-significant effect on obesity. Lastly, Baum (2009) , after carefully controlling for state-specific time trends, suggested that both cigarette taxes and prices had positive effects on BMI and obesity prevalence.
Although these studies are comparable as regards the dataset used and state-wide policy instruments, there is no agreement in terms of the magnitude of the effects, especially in obese individuals. Clearly, the limitation emerging from the analyses is that state cigarette prices (or taxes) contain few within-state variations and are highly collinear with state dummy variables. This implies that their results may not only have high standard errors for the estimated coefficients, but may also be affected by unobserved confounders. Since smoking is an (individual) endogenous decision, the estimated parameters may turn out to be biased, since unobserved factors may be correlated with other risk behavior also affecting body weight (Viscusi & Hersch 2001 , Aristei & Pieroni 2010 . To clarify the importance of this point, we refer to the meta-analysis of Klesges et al. (1989) , according to which weight gains range from 0.2 to 8.2 kg that are mainly explicited in the short-term. Klesges et al. (1989) estimate that, six months after quitting, body weight increases on average between 2 and 5 kg. However, Courtemanche (2009) shows that a rise in cigarette prices may also lead to a long-term reduction in body weight, questioning the positive effect of smoking reduction in weight gains.
In order to control for these issues, Liu et al. (2010) employed workplace smoking bans at US state level as an instrument for showing reduction in smoking or participation rate. The idea that we share with this study is using the discontinuity introduced by the policy intervention as a natural instrument. The antismoking ban is exogenous since: (i) it is enforced by the state, and (ii) is a universal program. With data from the BRFSS for the years 1998-2006, the above authors found that, when compared with IV estimates, OLS underestimated the impact on BMI of all and obese individuals. The magnitude of OLS estimates indicated that current smokers had between 1.2 (fewer controls) and 1.8 (more controls) lower BMI, than never and former smokers, but these more than doubled when the estimates were carried out with the IV estimator [-3.6 (fewer controls) and -4.2 (more controls)]. Although these results provided evidence that reducing smoking leads to a rise in body weight, they could not estimate the effect for a fixed post-ban period, because in the BRFSS data (both pooled or pseudo-panel) smoking bans were implemented at different periods for each state and thus did not have an homogeneous comparable period. Thus, the interpretation of estimated parameters should be related to a weighted-time post-reform outcome, an issue which limits comparisons of weight effects obtained from randomized evaluation programs in the medical literature (see, for example, Eisenberg & Quinn (2006) ).
Our paper contributes to the literature reviewed in three ways. First, we explain weight gains by reductions in nicotine assumption determined either by quitters or smokers who reduce their cigarette consumption, on the basis of the trade-off between the expected benefits and the fixed costs associated with quitting or reducing smoking. The former behavior is usually particularly associated with high costs due to nicotine addiction and withdrawal 8 . Second, we estimate the effects of smoking habit changes on weight in the short term (i.e., after one year) and medium term (after three years), so that our quasi-experiment analysis is consistent with time different responses generally investigated in the medical framework. Third, we add empirical evidence of the causal effect of smoking on body weight. Despite a growing literature, in European countries little is known to what extent individuals' smoking choices affect body weight and even less about causal interpretations of model parameters.
We focus attention here on the need to draw causal estimates of the effect of smoking on body weight. As in Liu et al. (2010) , we isolate the effect of smoking from other confounding factors which may also affect BMI by using a structural model. In sub-section 3.2, we motivate the use of the regression-discontinuity design from the evidence of significant differences in BMI and smoking indicators before and after the implementation of the ban.
A model for the causal relationship between smoking and BMI
Estimating the magnitude of the causal effect of reducing smoking on weight is a non-trivial challenge. In particular, many empirical studies have documented a negative association between cigarette consumption and BMI, although it is not clear whether BMI increases are also unintended consequences of reducing smoking and if so, what portion of this increase may be attributed to them (Nonnemaker et al. 2009 ).
At this stage, we write a simple reduced form equation for a direct estimation of the relation between smoking variables (S it ) and body mass index (BM I it ) for each individual i at time t. That is:
where X jit is a set of j control variables and ǫ it is an error term.
However, identification of the causal effect requires being able to control for heterogeneity in individuals' smoking and weight choices, so that we are sure that the estimated effect on BMI is not correlated with personal or social factors. If individuals' unobserved characteristics influence BMI changes, as well as smoking behavior, then least square estimates (OLS) of γ 1 will be biased. That is, unobserved variables affecting smoking behaviors may also be correlated with those influencing decisions to change body weight. For example, γ 1 may be estimated to be negative, although smoking variable S has no causal effect on BMI. In this case, OLS estimates of γ 1 would be confounded by the existence of omitted variable bias. One would expect, for instance, that quitters (or individuals who reduce smoking) are more likely to adopt some other behavior such as eating more, which may increase BMI. Thus, we may observe a negative correlation between smoking and BMI, even when we do not have any causal effect between variables.
To estimate causal parameters of the investigated relationship, we need of an IV setting (Hahn et al. 2001 ). The implementation of clean indoor air laws allows us to identify the relationship between smoking behavior and body weight within a regression discontinuity design 9 . According to the 2005 Italian law, smokers are not permitted to smoke in public and sometimes not even in private places. Therefore, individuals of the same age living in pre-and post-ban periods experience different smoking restrictions, or treatments, and assignment to treatment was only determined by individuals' birth cohort.
However, unlike other models in the health literature already described in Section 2, we use a structural model derived from combination of the reduced forms. Identification is achieved by including a dummy variable (SB) in the first-stage equations of smoking behavior and BMI, to record the exogenous change in smoking introduced by the law. We define the smoking ban dummy variable as one for cohorts of individuals interviewed after the introduction of the smoking ban and zero for individuals of the same age but belonging to cohorts interviewed before the introduction of the smoking ban discontinuity. The discontinuity is generated for individuals belonging to each birth cohort after the year in which the ban took effect. The relevant reduced forms for smoking variables and BMI are the following:
and
We then follow the structural model proposed by Machin et al. (2011) 10 to derive BMI causal estimates. Formally, this is given as:
where IV estimates of the coefficient on the BMI variable in equation (4) is the ratio of the reduced form coefficients in (2) and (3),
This strategy identifies the average causal effect for those individuals (smokers or quitters after the ban), subjected to restrictions in smoking by the virtue of the ban, and allows us to estimate the local average treatment effect (LATE) 11 . Note that, the variation induced by the instrument is local in nature, as it has an impact only for smokers who quit or reduced smoking in the post-ban period.
Thus, the estimated effect according to our empirical approach is obtained by variations in smoking habits and BMI of those subjects who alter their status (treatment), because they react to the ban (instrument). This implies two important consequences in the estimation process. First, IV estimates exceed the OLS ones, at least because the instrument used is based on a policy intervention which only affects the choices of the smoking group. The ban does not affect smokers who continue to smoke or non-smokers. Second, we can calculate the full contribution of nicotine reduction in affecting body weight because, in addition to the quitters, there are individuals who may reduce cigarette consumption. For this reason, we consider two different smoking indicators: number of cigarettes smoked, and participation rates, to examine respectively the effect of changes in nicotine consumption and quitting smoking.
10 The authors develop a structural model of crime reducing effect of education. A more general discussion of the bridge between structural and program evaluation approaches to evaluating policy is proposed in Keane et al. (2011) , Abbring & Heckman (2007) , Heckman & Vytlacil (2007) 11 See Imbens & Angrist (1994) . For an application see Angrist (1995) .
Data and related empirical issues
The dataset used in this paper is the ELA survey, conducted in Italy by the Italian Statistical Institute (ISTAT). The ELA survey is a representative cross-section sample of the Italian population and provides detailed information on the demographics, social characteristics and health of 20,000 households each
year, corresponding to approximately 50,000 individual records yearly.
For the aims of the present study, the importance of this survey lies in the detailed section devoted to analysis of current and past smoking habits of individuals aged 18 and over. In particular, we focus on individual smoking behavior, in terms of both participation rate and cigarette consumption. Contrary to the ISTAT ''Italian Household Budget Survey", ELA provides information on individuals rather than on households, allowing through analysis of socio-demographic and gender effects, without approximating them with the characteristics of the household head.
We Thus, we can compare smoking and BMI patterns for individuals of the same age around the discontinuity generated through the ban, where pre-ban periods observations constitute a proper counterfactual, with the most similar observable and unobservable characteristics, for treated individuals.
Following Hahn et al. (2001) and Oreopoulos (2006) , to guarantee that we correctly estimate the causal impact of nicotine reduction on BMI, one condition is that the average effect of key variables is not null around the discontinuity. We illustrate descriptively the average effect of the smoking ban using the mean of total nicotine consumption (e.g., number of cigarettes) and the percentage of smokers for the years available in our sample. We complement the descriptive analysis of BMI variables around the discontinuity (see plot in Figure 1 ). We see that, although BMI seems to make a significant jump in the ban year (2005), it then continues along its (positive) long-run growth path. Clearly, there are a number of other issues involved in the analysis between smoking behavior and BMI.
First, without the Italian ban, the average BMI for smokers would have undergone the same variation as that for non-smokers. This assumption may be implausible, if treated and control subjects are unbalanced in the covariates which are believed to be associated with heterogeneity in unobservable characteristics.
We therefore also include a set of control variables for gender, education, employment status, physical activity and job strenuousness (see Table 1 ).
In particular, the literature findings discussed in Section 2 indicate that the smoking ban affected differently cigarette consumption through gender and occupation, and that these changes heterogeneously influenced the BMI distribution (Figure 3 ). Although women (dashed line) have lower BMI than men (solid line), both recorded significant changes in 2005. According to the descriptive statistics of Table   1 , the greater response in terms of smoking habits after the ban was associated with men rather than women. In addition, although a larger impact in cigarette consumption affected the employee group rather than the unemployed one, BMI changes in these groups do not appear to be very different. This implies that the effect of smoking on BMI for these sub-groups is not predictable a priori and should be further investigated empirically.
In section 4, we also extend evaluation of the impact of the smoking ban on BMI to these specific sub-groups. We also analyze individuals located at the top of the BMI distribution (e.g., overweight and obese people), who represent a particular risk group in terms of public health policies. We devote our attention to the quantile treatment effect at the mean of overweight and overweight and obese groups, corresponding respectively to the 77 th and 81 st percentiles of the BMI distribution. Note that, following Imbens & Rubin (1997) , consistent estimates of the quantile treatment effect can be obtained under the LATE identifying assumption (and regression discontinuity design) from the marginal distribution of potential outcomes of smokers. In Table 1 , the results indicate significant changes in nicotine consumption (and quitters) whereas non-parametric estimates show a very small BMI variation for such sub-groups after the introduction of the smoking ban (Figure 3) . Second, the identification based on the discontinuity introduced by the ban exploits the assumption that individual BMI differences at the same age are only attributable to changes in smoking behavior, whereas all the other weight determinants are stable. This assumption does not exclude the possibility that smokers and non-smoker may have heterogeneous BMI across different birth cohorts, before and after the discontinuity. Figure 4 shows a 5-year cohort reconstruction for the key variables of our model. Each line represents the evolution of a different indicator for individuals belonging to the same cohort, showing that individuals belonging to younger cohorts tend to have higher BMI (and consequently weight) than those belonging to older ones, age being constant. Thus, to control for these inter-generational differences, we include n − 1 dummy cohorts in our model.
Third, the estimates of the impact of changes in smoking behavior on BMI may be sensitive to how Notes: We report percentage of cases and averages variables in pre-and post-reform periods, for the whole sample (2001-2003 and 2005-2007) and for the discontinuity sample (2003) (2004) (2005) in each variable used to estimate the causal relationship between smoking and body weight.
distant the data are from the discontinuity. In line with the results of the review by Eisenberg & Quinn (2006) In the robustness section, we also provide estimates for the whole period by means of an estimator that weights observations inversely to distance (i.e., IDW, inverse distance weighted) of each year from the smoking ban to eventually investigate the magnitude of unobserved heterogeneity.
Note: A cohort is defined as a group with fixed membership made up of individuals, who can be identified as they show up in the surveys (See, for example, Deaton (1985) ). In the figures, each connected line represents the key variable behaviors (body weight, BMI, number of cigarettes and percentage of smokers) of a cohort over the years of observation. This representation permits some preliminary consideration about the presence of age and cohort effects (Kapteyn et al. 2005 ). The vertical difference between lines measures the cohort-time effect: differences between the key variables observed at the same age, but with different year of birth, highlight the presence of generational (or cohort) effects. On the other hand, differences along the same line measure the age-time effects. 
IV and RD estimates
In this section, we present the results of our empirical analysis. Table 2 lists the estimated coefficients of the reduced form for equation (1) As expected, the ban is significantly correlated with reduced nicotine consumption in terms of number Another important fact to be noted is that, as Figures 1 and 2 also show, the effect of changes in smoking habits estimated by RD on BMI, is substantially expected to be greater when measured perperiod (i.e., one year): the estimated correlation between the smoking ban dummy and BMI, reported in column (6), is significant 12 [(0.36; s.e= 0.04)], and is propedeutic in explaining that much of the causal variation in BMI by quitting smoking happens in the short term, as determined by the structural coefficients reported in columns (8) and (10), respectively. Our estimates indicate that 56% of the total BMI variation in the period (2005) (2006) (2007) occurs in the first year (i.e., 0.82/1.45). This result derives from the fact that the coefficients estimated from the reduced forms for smoking rise in absolute magnitude.
Unsurprisingly, these findings are in line with those of many empirical works in the US which are in accord with the adverse effect of public policies promoting a smoke-free environment and reduced cigarette consumption (e.g., Wasserman et al. (1991) , Yurekli & Zhang (2000) , Tauras (2005) ). In this paper, we also conclude that the immediate reaction to the Italian ban on smoking led to substantial short-term decreases in the smoking participation rate, a phenomenon which weakens over the post-ban period of three years. This result also helps us to clarify the interpretation of the causal effect estimated for our response variable.
The models presented in Table 2 account for differences in observable and unobservable heterogeneity, including a set of covariates listed in Table 1 . All covariates are generally significant in our estimates. This allows us to test, according to the economic health literature, the possibility of heterogeneous behavior between subgroups as, for example, employed subjects. We investigate whether the implementation of the smoking ban caused heterogeneous drops in smoking behavior for employees with respect to the entire population. One potential concern with these estimates is that extending the already existing prohibition to smoke in offices also to common areas, our results may underestimate the effect of employed smokers on BMI.
Reduced form estimates, listed in columns (2) and (4) (whole sample) and (7) and (9) (RD sample) of Table 3 indicate that the ban significantly affects smoking habits for employed subjects. Interestingly, the effect for this group is larger than that obtained from baseline estimates, for each smoking variable and irrespective of the sample used. In contrast, the coefficient associated to the BMI variation induced by the ban for employees (equation 2), is close to that obtained from the baseline estimates (columns 1 and 6). Consequently, a limited BMI increase due to reduced smoking is found in the structural equation, in which the unitary reduction in cigarette consumption increases BMI by 0.96 (s.e.= 0.113) in three years and 0.63 (s.e.= 0.129) one year after the ban generated discontinuity.
The fact that estimates in terms of BMI for the employed subsample are smaller than our baseline results makes an important link with the epidemiological literature. Unemployment status is known to be associated with persistence in smoking consumption and resistance to quit. For these reasons, unemployed individuals, represent a particularly interesting target group for government health promotion through anti-smoking policies (Schunck & Rogge 2010 , Kriegbaum et al. 2010 ).
Since empirical findings have shown that gender characteristics may also lead to significant differences in smoking behavior, we report in tables 4 and 5 alternative specifications of our baseline model, in which we measure the impact of smoking habit changes for male and female sub-groups and compare them with the baseline estimates of Table 2 . The smoking ban turns out to have a higher correlation with smoking habits in men: this very probably also depends on the larger numbers of Italian male smokers and the number of cigarettes they consume (Aristei & Pieroni 2010) . Although column (1) of Chaloupka (1992) ). We discuss below the results of our model specification by gender, to explain heterogeneous changes in smoking habits in terms of body weight. We only note now that, in all previous subsample estimates, the general finding that the weight gain contribution depending almost completely on changes in quitting is confirmed. 2001 -2007 (pre-ban, 2001 -2003; post-ban, 2005 -2007) . Columns (6)-(10) list same estimates around discontinuity introduced by ban (2003 -2005) . All estimates include covariates described in Table 1 as controls . Standard errors in round brackets. Significant levels reported as: p-value *** ≤ 0.01, ** ≤ 0.05, * ≤ 0.1. 2001 -2007 (pre-ban, 2001 -2003; post-ban, 2005 -2007) . Columns (6)-(10) list same estimates around discontinuity introduced by ban (2003 -2005) . All estimates include covariates described in Table 1 as controls . Standard errors in round brackets. Significant levels reported as: p-value *** ≤ 0.01, ** ≤ 0.05, * ≤ 0.1. 2001 -2007 (pre-ban, 2001 -2003; post-ban, 2005 -2007) . Columns (6)-(10) list same estimates around discontinuity introduced by ban (2003 -2005) . All estimates include covariates described in Table 1 as controls . Standard errors in round brackets. Significant levels reported as: p-value *** ≤ 0.01, ** ≤ 0.05, * ≤ 0.1. 2001 -2007 (pre-ban, 2001 -2003; post-ban, 2005 -2007) . Columns (6)-(10) list same estimates around discontinuity introduced by ban (2003 -2005) . All estimates include covariates described in Table 1 as controls . Standard errors in round brackets. Significant levels reported as: p-value *** ≤ 0.01, ** ≤ 0.05, * ≤ 0.1.
Robustness, specification checks and conditional estimations
In this section, we test for evidence that identification of the effects of smoking habits on weight gain comes from variations close to the discontinuity determined by the Italian smoking ban (Section 4.2.1).
We also discuss the potential bias related to omitted variables and compare OLS estimates of average weight gain from changes in smoking habits with those obtained with IV regression (Section 4.2.2) , and examine the causal effects of nicotine reduction, at different points of the BMI distribution, corresponding to specific quantiles of overweight and overweight and obese people (Section 4.2.3).
IDW estimations
As discussed above, the causal effects of BMI changes are predicted by changes in smoking habits (via the smoking ban) with the accuracy of implementing an estimator which measures LATEs. Note that these differences in measuring causal effects with the entire and RD samples, corresponding to periods of three years and one year before and after the discontinuity, respectively explain the relations tested in the medium and short-term for BMI and smoking habits. Clearly, the model presented in equations (2) and (3) is ensured by a predominantly identification strategy which only considers variations close to the discontinuity, so that estimates on the entire sample may be affected by trends in unobservable characteristics in different cohorts. This justifies using the IDW estimator, which assigns higher weights to those observations closer to the year of the ban. Table 6 shows the IDW estimates results. These estimates are qualitatively the same as those of Table 2 , although BMI coefficients tend to decrease slightly in magnitude in absolute terms. To consider further these differences in specific sub-groups, the results for men, women and employees are reported in Appendixes A.1-A.3. For the above mentioned sub-groups, the comparison between IDW estimates and those unweighted from the whole sample are found to be even closer than those of the baseline model in Table 2 . Thus, we can conclude that our identification strategy in the medium term is not significantly affected by the distance of observations from the discontinuity.
Endogeneity caveats and average effects on population
In contexts where causal parameters are not identified by a regression discontinuity design, the estimated relationship may be biased upwards or downwards by omitted variables. On one hand, quitters have generally been found to be less concerned about weight gain than subjects continuing to smoke. For example, Cawley et al. (2004) , Rees & Sabia (2010) argue that the latter category have more self-control with respect to weight changes, so that quitters' behavior may include unobservable characteristics which overestimate the true causal effect. On the other hand, an underestimated impact on BMI increases may arise if smokers' choice to quit induces them to adopt other healthy behavior, which takes into account of general concerns about health or are more oriented towards the future, Khwaja et al. (2007) . In this case, a downward bias may be produced estimating weight gains by significant positive correlations between Notes: Column (1) lists estimates of reduced form in equation (2)), i.e. effect of the smoking ban in January 2005 on BMI.
Columns (2) and (4) also list estimates of reduced form of effect of ban on number of cigarettes and smoking participation rate, respectively. Columns (3) and (5) list estimates of structural model from equation (4) of causal effect of smoking habits on BMI.
Estimates are for 2001 -2007 (pre-ban, 2001 -2003; post-ban, 2005 -2007) . Columns (6)-(10) list same estimates around discontinuity introduced by ban (2003 -2005) . All estimates include covariates described in Table 1 as controls . Standard errors in round brackets. Significant levels reported as: p-value *** ≤ 0.01, ** ≤ 0.05, * ≤ 0.1.
smoking reductions and error terms, since being an ex-smoker for long period of time is associated with making large investments in health and well-being .
The estimates that use regression discontinuity design not only produce an impact which is expected to be unbiased, but they are expected to exceed those from OLS. As argued above, the IV estimator yields the marginal causal effect of smoking on BMI of smokers affected by the policy. Table 7 shows the estimates for smoking habits on BMI, obtained from OLS. Although smoking coefficients are significant at the conventional 1% level, the magnitude of these estimates on weight gains are really reduced with respect to the models in which the IV estimator is used. For example, in the RD sample, the impact of nicotine consumption on the BMI of the entire population falls from −0.82 to −0.015 (s.e.=0.000) with OLS estimator. As expected, this result is proportionally confirmed for the impact of the percentage of smokers. These marked differences also explain why measuring precisely the effect of smoking on weight
is still considered open, and make the use of linear regression questionable (see, for example, the critical discussion of Baum (2009) ). 
Conditional BMI estimation: the effects for overweight and obese people
One limitation of our analysis is that nicotine effects are estimated only at the average of BMI distribution.
We also want to examine other points in BMI distribution mainly for two reasons. First, estimates at different quantiles may provide an opportunity to trace smoking habit changes for portions of the overall BMI distribution. Second, in terms of welfare, we are interested in particular points of BMI distribution, because we can highlight significant differences in the magnitude of the effects for particularly interesting sub-groups of the population (e.g. obese and overweight people). Since the overweight dimension is more important than the dimension of obesity in Italy 13 , we estimate the effects of smoking habits on points of the BMI distribution corresponding to the mean of the sample of overweight (OV) (77 st percentile) and overweight and obese (OVOB) (81 st percentile) individuals. We use the IV quantile treatment effect estimator, which can be obtained from the potential outcome framework (Imbens & Rubin 1997) under LATE identification assumptions. Correpsonding to these points of BMI distribution, we propose a local discontinuty quantile regression estimate based on the RD sample.
Instrumental variable estimates are shown in Table 8 for the sample means of OV and OVOB. Like the IV estimates of the average BMI, the quantile estimates for these groups have the same (negative) sign and are statistically different from zero. To help interpretation of the magnitude of these estimated effects, let us consider that the difference between OV and the sample mean effect is about -0.26 (i.e., -0.82 at the sample mean, against -0.56 for the ov group). Our estimates also suggest that including obese individuals mitigate the adverse effects of smoking habits on BMI. Estimates at the 81 th percentile (e.g., average of OBOV group) indicate a further reduction of the causal effect on BMI growth, attributed to nicotine decreases, measured at about 40% less than the estimated coefficient at the sample mean (from -0.82 to -0.49, respectively). Although fewer observations in the tail of our sample do not allow us to trace estimates across the obese distribution, convincing differences in the results support the validity of our main findings, in the Italian case, of a significant gain in weight through nicotine reduction in people with high BMI, although smaller when compared to the effect at the average of the sample.
It is not surprising that, more than in the full sample, almost the whole contribution to BMI increases in these subgroups depends on variations attributable to quitters. One plausible interpretation regards 
Body weight estimates to changes in smoking habits of smokers
We now turn to a more policy-oriented analysis of the effects of smoking reduction on weight gain.
Our first results, based on the RD sample, are shown in Table 10 , which lists estimates of BMI changes expressed as elasticities, making the magnitude of the smoking indicators used in our analysis more easily interpretable. The results emphasize the finding that body weight changes due to smoking reductions are attributable mostly to quitters, irrespective of whether the estimates refer to the complete sample or to subgroups of individuals. Qualitatively, these results are fully consistent with all the estimates presented above. For example, higher variations in body weight are confirmed to occur in response to smoking changes in women, and the estimated elasticity is larger than that obtained in the full sample.
Most of the estimated BMI effects seem fairly small, although there is no difficulty in achieving statistical significance at the conventional levels. However, whether or not these smoking effects are considered large enough depends on the context. To simplify this analysis, we translate the estimated effects on BMI in terms of weight, multiplying each coefficient by the squared height measured as a mean of population (or subsamples). Let us consider the implications of estimated weight changes for the Italian smoking population which was about 14,000,000 in 2005. We would expect from Figure 5 a unitary reduction in cigarette consumption to determine a rise in body weight of 3 kg, of those affected by the smoking ban. Clearly, we estimate that more than 90% of this variation depends on the effect of quitters, implying that, in the average smoking population, the increase in weight accounts for 2.6 kg.
The estimates in Figure 5 also indicate that weight gains in employed people are lower with respect to the entire population, whereas gender differences appear to be more relevant; in addition, women's weight gains (5.6 kg) are more than double those of men (2 kg). This result can be explained by the fact that, because of reverse causality, some subjects and particularly women (see Cawley et al. (2004) , Rees & Sabia (2010) ) tend to use smoking to control their weight. The result listed above was also found by other studies on Italy and France (Gallus et al. 2006 A long-standing prediction in health economics is that body weight gains may be partly explained by reduced nicotine consumption. In practice, this trade-off is highly dependent on smokers' response, which may be controlled by policy interventions. This is because a practical way of discouraging smoking is to implement severe anti-smoking laws, which ''coeteris paribus" will raise the individual opportunity cost of smoking, and affect specific smokers' groups differently. In addition some papers have recently questioned the significance of this relationship. This is based on the evidence that nicotine reduction is often linked with unobserved individual health, which may affect causal estimates of smoking on body weight upward or downward. More importantly, these correlation biases may differently affect socio-economic groups or groups of interest for public health, i.e., overweight and obese.
Learning about the effects of smoking habits on weight gains requires a setting which generates an exogenous variation in future outcomes. The 2005 Italian Clean Indoor Air Law generates such a variation and is the background for our research design. With this law, individuals of the same age, but born in adjacent birth-cohorts face different smoking restrictions in public places.
With this approach, we find that smokers significantly respond to the smoking ban, giving rise to sudden negative changes in cigarette consumption. We attempt to estimate the magnitudes of smoking habit changes on weight with a simplified structural model. We require the data to be accommodated to estimate this impact over a ex-post period of three years (2005) (2006) (2007) by an IV whole sample approach, which we compare with an RD design able to assess nicotine reduction on BMI in a post-period of one
year. As a general result, the baseline models predict a large impact in terms of BMI changes with the shortest horizons of the RD sample: an increase of 0.82 in BMI with respect to a unitary decrease of 1 cigarette in the smoker population is proportionally greater than the increase in BMI 1.45 in three years obtained from the entire sample. A caveat to this general conclusion involves the specific estimates for employed individuals and for men and women. Although the exogenous shock impact of the smoking ban on men and employees has very large adverse effects on smoking habits, weight gains are smaller than those at the mean of the population whereas women tend to gain weight largely in response to reductions in cigarette consumption.
We also conclude that a decreasing smoking participation rate or cigarette consumption has limited effects in weight gains in both overweight and overweight and obese people. With respect to the literature, we favor a less restrictive explanation of these findings: that of a decreasing causal impact of nicotine reductions over the BMI distribution, which causes a corresponding very small weight gain. In these important respects, our results show that anti-smoking policies, generally favored by society, may not play a role in increasing the cost of overweight and obesity, when we look towards the future. Notes: see, Table 6 .
APPENDIX A
